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(54) Safety cut-off for power tool with rotating tool bit 



(57) A safety cut-off system for a hand held electri- 
cally powered tool with a rotatingly driven bit (8) for pre- 
venting accidents caused by the bit becoming jammed. 
The system comprises at least one sensor (56, 58, 60, 
62, 64) for detecting an operating condition of the tool 
and generating a sensor signal representative of the op- 
erating condition and a cut-off arrangement (38, 80) for 
interrupting a rotary drive to the bit from a motor (10). A 
processing unit (42) which includes a neural network 



(50. 80, 81, 82) is responsive to the sensor signal or 
signals to generate a summed probability signal repre- 
senting a probability of a blocking event and when the 
summed probability signal exceeds a pre-set threshold 
for causing activation of the cut-off arrangement. By uti- 
lising neural networks an accurate probability of a block- 
ing event can be generated without having to apply a 
full and detailed knowledge of the physical properties of 
the power tool which lead up to a blocking event. 
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tern comprising: 

at least one sensor for detecting an operating con- 
dition of the tool and generating a sensor signal rep- 
5 resentative of the operating condition; 

a cut-off arrangement for interrupting a rotary drive 
to the bit from a motor; 

a processing unit responsive to the sensor signal or 
signals for generating a summed probability signal 
10 representing a probability of a blocking event and 
when the summed probability signal exceeds a pre- 
set threshold for causing activation of the cut-off ar- 
rangement; 

15 characterised in that: 



1 

Description 

[0001] This invention relates to a safety cut-off system 
for a hand held electrically powered tool with a rotating 
bit, which safety cut-off system can predict a blocking 
event in which the bit becomes stuck in a workpiece. In 
particular this invention relates to a safety cut-off system 
for an electrically powered rotary hammer. 
[0002] It is a problem with hand held power tools with 
a rotating bit that during use of the tool the bit can some- 
times become stuck in the workpiece in such a way that 
the bit can no longer rotate relative to the workpiece. In 
this case, the rotary drive to the bit causes the housing 
of the tool to rotate with respect to the stationary bit. A 
user of the tool who is gripping the handles of the tool 
housing may then be harmed. The detection of such 
blocking events has to be quick enough that the rotation 
of the too! housing can be stopped before the housing 
has rotated through an angle sufficient to harm the user. 
Also, the detection of these blocking events must be ac- 
curate so as to avoid the interruption of the rotary drive 
to the bit when working becomes difficult, that is false 
alarms should be avoided. 

[0003] This problem has been addressed in 
US5.584.61 9 in which at pre-set time intervals the ac- 
celeration of the bit is measured and used to forecast 
the rotation angle of the tool over a predetermined time 
period. If the rotation angle exceeds a pre-set threshold 
value then the rotary drive to the bit is interrupted. The 
same problem has been addressed in US5.914.882 in 
which a deflection sensor periodically measures certain 
values which are then processed to determine rotational 
movement values, such as angular acceleration, angu- 
lar velocity or deflection angle. The calculated rotational 
movement values then undergo non-linear processing, 
in particular using Fuzzy logic, subject to predetermined 
criteria in order to calculate a probability of accident. If 
this probability exceeds a predetermined threshold, 
then the rotary drive to the bit is interrupted. By calcu- 
lating rotational movement values from one or more 
measured values this system considers more than an 
instantaneous picture of the operational condition of the 
tool at any one time and takes into account also recent 
behaviour of the tool. However, the above approaches 
require a full and detailed knowledge of the physical 
properties of the hammer which lead up to a blocking 
event. 

[0004] The present invention aims to provide an ac- 
curate system for discriminating dangerous blocking 
events from safe operation of a tool with a rotating bit 
and for quickly interrupting rotary drive to the bit when 
dangerous blocking events occur and which does not 
rely on predictions of the physical properties of a ham- 
mer which precede a blocking event. 
[0005] According to the present invention there is pro- 
vided a safety cut-off system for a hand held electrically 
powered tool with a rotatingly driven bit for preventing 
accidents caused by the bit becoming jammed, said sys- 



the processing unit includes a neural network. 

[0006] The safety cut-off system utilises neural net- 

20 work technology to identify a blocking event. The sensor 
signals are processed by a neural network which has 
previously been trained to recognise sensor signal pat- 
terns which lead up to blocking events. This is done by 
inputting sample sets of sensor signals into the neural 

25 network and altering the membership functions applied 
by the nodes of the neural network until the summed 
probability signal becomes a reliable representation of 
the actual probability of a blocking event which it is 
known is associated with the sets of sensor signals. In 

30 this way an accurate probability of a blocking event can 
be generated without having to apply a full and detailed 
knowledge of the physical properties of the power tool 
which lead up to a blocking event. 
[0007] The cut-off arrangement may by a mechanical 

35 or electromagnetic clutch which interrupts transmission 
through a drive gear arrangement between the motor 
and the tool or bit. Alternatively or additionally it may 
include a motor brake, such as an electronic motor 
brake for braking the motor. 

40 [0008] The sensor or sensors may include one or 
more of: 

a rotary or a linear accelerometer; 
a current sensor for sensing the current drawn by 
45 the motor; 

a rotation sensor for sensing the rotations per unit 
time of the motor; or 

a torque sensor for sensing the torque between a 
handle of the hammer and a main housing of the 
so hammer. 

[0009] The processing unit may additionally include 
one or more signal conditioning units for processing the 
signal from the or one of the sensor(s) to generate a pre- 
ss conditioned signal and for inputting the pre-conditioned 
signal into the neural network. The signal conditioning 
may comprise filtering to remove noise, threshold eval- 
uation, wavelet analysis or Fourier transform analysis. 
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[001 0] The processing unit may include a neural net- 
work for generating a set of probability signals each 
probability signal comprising a function of the or a plu- 
rality of the sensor signal(s); an adder for adding the set 
of probability signals to generate the summed probabil- 
ity signal; and a comparator for generating a cut-off sig- 
nal for activating the cut-off arrangement when the 
summed probability signal exceeds the pre-set thresh- 
old. 

[001 1] In a preferred embodiment the neural network 
is a fuzzy neural network which processes the sensor 
signals using fuzzy logic. Then training techniques from 
neural networks can be used to set the membership 
functions of a fuzzy logic circuit. This removes the trial 
and error factor in fuzzy logic and removes the require- 
ment for detailed knowledge of the physical conditions 
occurring in the power tool before a blocking event oc- 
curs. This can enable the use of a more complex fuzzy 
circuit than would otherwise be achievable. Alternative- 
ly, the neural network may be a wavelet neural network 
in which the or at least one of the sensor signals under- 
goes a wavelet transformation. The use of a wavelet 
transform enables the improved extraction of informa- 
tion from the sensor signals. 

[0012] According to a second aspect of the present 
invention there is provided a rotary hammer incorporat- 
ing the safety cut-off system described above 
[0013] According to a third aspect of the present in- 
vention there is provided a method for shutting-off rotary 
drive to a rotatingly driven bit of a hand held electrically 
powered tool in order to prevent accidents caused by 
the bit becoming jammed, said method comprising the 
steps of: 

detecting one or more operating condition of the tool 
and generating a sensor signal representative of 
the or each operating condition; 
generating in response to the sensor signal or sig- 
nals a summed probability signal representing a 
probability of a blocking event; 
causing generation of a cut-off signal when the 
summed probability signal exceeds a pre-set 
threshold; and 

using the cut-off signal to actuate the shutting-off of 
rotary drive to the bit, characterised in that 

the step of generating a summed probability signal rep- 
resenting a probability of a blocking event utilises neural 
network processing steps. 

[0014] One form of a hand held electrically powered 
tool having a rotating bit and incorporating a safety cut- 
off according to the present invention will now be de- 
scribed by way of example with reference to the accom- 
panying drawings in which: 

Figure 1 shows a partially cutaway longitudinal 
cross section through a rotary hammer incorporat- 
ing a safety cut-off system according to the present 



invention; 

Figure 2 shows a block diagram of the safety cut- 
off system used in the hammer of Figure 1 ; 
Figure 3 shows a wavelet transform neural network 
5 which can be used as the neural network in Figure 
2; 

Figure 4A shows a typical input signal s(t) as it var- 
ies over time; 

Figure 4B shows a Fourier transform of the input 

*o signal s(t) in the frequency domain; 

Figure 4C shows a wavelet transform of the input 
signal s(t) in the frequency domain; 
Figure 5 shows schematically in more detail a por- 
tion of the neural network unit of Figure 3 suitable 

is for processing any one of the five input signals; and 
Figure 6 shows a portion of the neural network unit 
of Figure 2 suitable for processing two of the five 
input signals where a fuzzy-neuro scheme is used. 

20 [001 5] Figure 1 shows schematically a rotary hammer 
having a main housing (2), a rear handle (4) and a tool 
holder (6) which latter is located at the front end of the 
hammer. A tool or bit (8) can be non-rotatably and re- 
leasably locked within the tool holder so as to recipro- 
25 cate to a limited extent within the tool holder, as is well 
known in the art. The hammer is powered by an electric 
motor (10) which is connected to an external electricity 
supply and is actuated when a trigger switch (1 2) mount- 
ed adjacent to the rear handle is depressed. 
[0016] The armature shaft of the motor (10) rotatingly 
drives a drive gear (14), which itself drives two driven 
gears (16, 18) which are each non-rotatably mounted 
on a respective spindle (20, 22) within the hammer 
housing (2). The spindle (20) rotatingly drives a crank 
plate (24), which via an eccentric crank pin (26) recip- 
rocatingly drives a piston (28) via a crank arm (30). The 
piston is slideably mounted within a hollow spindle (32), 
which hollow spindle is rotatably mounted via bearings 
(not-shown) in the main housing (2) of the hammer. A 
ram (34) is also slideably mounted within the spindle 
(32) and there is a seal located between the periphery 
of the ram and the internal surface of the spindle and 
also between the periphery of piston and the internal 
surface of the spindle. In this way a closed air cushion 
is formed within the spindle (32), between the piston (28) 
and ram (34) during normal operation of the hammer, 
so that the reciprocation of the piston (28) reciprocating- 
ly drives the ram (34) via the closed air cushion. As the 
ram (34) reciprocates it repeatedly impacts a beatpiece, 
which beatpiece transfers these impacts to a tool or bit 
(8) fitted within the tool holder (6), in a manner well 
known in the art. The impacts from the tool or bit (8) are 
transmitted to a workpiece agaist which the tool or bit 
(8) is urged. When the tool or bit (8) is removed from the 
workpiece, the hammer enters its idle mode and the air 
cushion is vented, as is well known in the art. 
[0017] The driven spindle (22) rotatingly drives a first 
bevel gear (36) via an electromagnetic clutch (38). The 
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first bevel gear (36) rotatingly drives a second bevel 
gear (40), which second bevel gear is non-rotatably 
mounted on the hollow spindle (32). Rotation of the spin- 
dle (32) cause the tool holder (6) and thereby a tool or 
bit (8) mounted within the tool holder to be rotatingly driv- 
en. 

[0018] Therefore, when the trigger switch (12) of the 
motor (10) is depressed, the armature shaft rotatingly 
drives the drive gear (1 4) which rotatingly drives the driv- 
en gears (16, 18) which themselves rotatingly drive re- 
spective shafts (20, 22). The drive shaft (20) drives a 
crank arrangement (24, 26, 30) to reciprocating ly drive 
the piston (28) within the spindle to thereby cause re- 
peated impacts to be transmitted to the tool or bit (8). 
Simultaneously, the drive shaft (18) rotatingly drives the 
spindle (32) via the electromagnetic clutch (38) and bev- 
el gears (36, 40). The spindle (32) rotatingly drives the 
tool or bit (8), via the tool holder (6) and rotary hammer- 
ing occurs. 

[0019] The hammer shown in Figure 1 also incorpo- 
rates a safety cut-off system, a block diagram of which 
is shown in Figure 2, for detecting blocking events when 
the tool or bit (8) becomes blocked in the workpiece and 
the hammer housing (2) starts to rotate in the hands of 
the user. The safety cut-off system comprises a central 
processing unit (42) comprising signal conditioning units 
(44, 46, 48), neural network unit (50), adder unit (52) 
and presettable comparator unit (54). In addition, the 
safety cut-off system comprises a current sensor (56) 
for detecting the amount of current drawn by the motor 
(10); an r.p.m. sensor (58) for detecting the number of 
rotations per minute of the motor (10); a torque sensor 
(60) for detecting the torque between the rear handle 
(4) of the hammer and the main housing (2) of the ham- 
mer; a first linear accelerometer (62) for detecting ac- 
celeration of the hammer housing (2) in a first direction; 
and a second linear accelerometer (64) for detecting ac- 
celeration of the hammer housing (2) in a second direc- 
tion, perpendicular to the first. The sensors (56, 58, 60, 
62, 64) are connected to the central processing unit (42) 
and the outputs of each sensor are sampled periodically 
by the central processing unit (42) with a frequency, of 
around 1 to 5kHz which is sufficiently high for safe and 
reliable blocking event detection within 100 to 150ms. 
Not all of the above sensors are necessary to reliably 
detect a blocking event and it is possible just to use the 
signals from the linear accelerometers to detect a block- 
ing event. 

[0020] Some of the signals from the sensors will un- 
dergo pre-conditioning before being input into the neural 
network (50). For example, the pre-conditioning may in- 
clude filtering in order to remove noise, threshold eval- 
uation, wavelet analysis or Fourier transform analysis. 
As an example, a set of the signals sampled over a pre- 
set time period from the current sensor will be input into 
unit (44) to generate a signal which represents the rate 
of change of motor current with time, which latter signal 
is then input into the neural network (50). The signals 



from the r.p.m. sensor (58) and torque sensor (60) may 
undergo pre-filtering to remove excess noise from the 
signal in repsective pre-conditioning units (46, 48) be- 
fore the conditioned signal is input into the neural net- 
5 work (50). Other signals, for example those from the lin- 
ear accelerometers (62, 64) may be input directly into 
the neural network (50) without undergoing any pre-con- 
ditioning. 

[0021] The neural network (50) is separately trained 
10 for each different model of hammer to which it is applied. 
The neural network (50) used in the hammer of Figure 
1 will be trained to associate a set of signals each rep- 
resenting a probability of a blocking event with the input 
into it from the sensor (56, 58, 60, 62, 64). The set of 
'5 probability signals (66, 68, 70, 72, 74) are output from 
the neural network and input into the adder unit (52). In 
Figure 2 the number of output probability signals (77-74) 
is equal to the number input sensor signals, but this is 
not essential. 

20 [0022] Thus, for each predetermined time interval 
(between successive sampling of the sensors) the neu- 
ral network (50) receives an input from each sensor (56, 
58, 60, 62, 64) (via signal conditioning (44, 46, 48) where 
used) and generates a set of probability signals. Each 

25 probability signal (66-74) represents a probability of 
blocking event dependent on the input sensor signals 
and the membership function applied to the input signals 
by the neural network (50) to generate the output prob- 
ability signal. Then all the probability signals (66-74) out- 

30 put from neural network (50) are summed by the adder 
unit (52) to generate an overall probability of a blocking 
event. This probability is then compared with a preset 
threshold in comparator unit (54). Then, if the preset 
threshold is exceeded the comparator unit (50) outputs 

35 a blocking signal via relay (78) which causes de-cou- 
pling of the electromagnetic clutch (38) to disconnect ro- 
tary drive to the hollow spindle (32) and thus to the bit 
or tool (8) and also causes a unit (80) to cut power to 
and brake the motor (10). 

40 [0023] As stated above, the neural network (50) has 
to be trained for each hammer type on which it is de- 
ployed. This is because the detection system according 
to the present invention is signal based in that a plurality 
of separate signals characteristic of the hammer's op- 

45 erating conditions are sensed and the neural network 
(50) is responsive to the input signals which it non-line- 
arly processes. The system according to the present in- 
vention is different from the safety cut-off systems 
known in the prior art and discussed above because it 

50 is not based on a physical model of the circumstances 
that precede a blocking event. 
[0024] The neural network (50) may be, for example, 
a wavelet neural network or a Neuro-Fuzzy neural net- 
work. 

55 [0025] In a Fuzzy-neural network of the type shown 
in Figure 6, training of the network is required in order 
to determine the membership functions to be applied to 
the input sensor signals in order to generate the set of 
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probability signals output from the network. The mem- 
bership functions will vary for different models of tool. 
The result of the training will be a membership function 
associated with each probability signal output. The set 
of probability signals derived from the membership func- 
tions will then undergo addition, probably a weighted ad- 
dition, in the adder unit (52) to generate an overall block- 
ing function. After training, the system corresponds to a 
simple fuzzy system. The employment of learning strat- 
egies from neural network theory is used here to support 
and accelerate the development of a fuzzy logic system, 
ie. without the use of neural network theory, the mem- 
bership functions would have to be derived by trial and 
error. Fuzzy logic provides the possibility of describing 
knowledge by linguistic rules like: 

If feature I is small and feature n is big 
Then process phase is 

[0026] Several neuro-fuzzy concepts have been de- 
scribed in the literature, in the present system the NE- 
FCLASS (Neuro Fuzzy CLASS ification) approach pro- 
posed by Nauck et al is followed. The NEFCLASS model 
provides a neuro-fuzzy classification approach derived 
from the generic fuzzy perceptron. The structure of the 
model is shown in Figure 6 which shows a neural net- 
work similar to that of Figure 2 but for processing two 
instead of the five input signals and for generating two 
probability signal outputs. The neuro-fuzzy model is 
characterised by a three layer topology. The input nodes 
I in the input layer are connected by fuzzy sets u. with 
the rule nodes R in the hidden layer. For semantical rea- 
sons each rule node R is assigned to a single output 
node C in the output layer, in order to avoid weighted 
rules, thus weights are fixed to 1. Weighting can be 
achieved, if required, by performing a weighted addition 
of the output probability signals at the adder unit (52). 
To obtain an optimal classification result, ie an optimal 
identification of a blocking event, the learning algorithm 
creates rules and adjusts the fuzzy sets from training 
examples. 

[0027] For initialisation the user has to define the ini- 
tial fuzzy sets for partitioning the domains of the several 
inputs and the maximum number of rules that may be 
created in the hidden layer. After training the system cor- 
responds to a simple fuzzy system and the classification 
knowledge can then easily be accessed and extended 
by the user. 

[0028] The neural network (50) of Figure 2, may alter- 
natively be a wavelet neural network of the type shown 
in Figure 3, which includes a wavelet transformation unit 
(80) and a neural network unit (82). A set of sampled 
signals from each sensor over a preset time interval will 
be input into the transformation unit (80). For example 
a set of sampled signals from one of the sensors could 
be in the form of the attached Figure 4a. Each signal 
input into the transformation unit (80) will be transformed 
using a linear one-dimensional wavelet transform, of the 



form set out below, into the signal form shown in Figure 
4c. A wavelet function will generally have the form: 

5 H atb (t) = Xhrtbl 

Va LaJ 

»o and the linear one-dimensional wavelet transform will 
have the form: 

W(a,b) = _L . \ s(t)h\,„ Tkbl dt 
Va ' LaJ 



[0029] The variable a represents the scale parameter 
and b the shift parameter of the wavelet function and h* 
represents the complex conjugate of h. The weighting 
factor 1/a 1/2 normalises the wavelet for all values of the 
scale parameter to a constant energy. In contrast to the 
Fourier transform, which breaks up the signal s into sine 
and cosine functions of different frequencies, the wave- 
let transform uses time limited analysing functions local- 
ised in time and frequency by the shift and scale param- 
eters respectively. Wavelet analysing functions h have 
to satisfy several constraints, which are explained in de- 
tail in the literature. Frequently used wavelet functions 
are modulated windows, i.e. they are composed as a 
product of two functions, such as an oscillating term that 
is modulated by a Gaussian function. A typical example 
of a wavelet function is the real Morlet wavelet: 

H a>b (t) = cos Too kblexpf-I |W| 2 1 
L aj L 2 La J J 

[0030] Depending on the scale parameter a, the 
wavelet function is a dilated low frequency function, 
whereas for small values of a the wavelet function is 
constricted, which yields to a high frequency function. 
Due to the time limited analysing function the wavelet 
transform is capable of simultaneously providing time 
and frequency information of a given signal. 
[0031] As an example in Figure 4a, the given nonsta- 
tionary signal s(t) is characterised by two different fre- 
quencies at different time intervals. With the Fourier 
transform as shown in Figure 4b, both frequencies can 
be determined but the information is lost at which time 
instant the different frequencies occur is lost. On the oth- 
er hand the wavelet transform provides a time-frequen- 
cy map of the analysed signal, as shown in Figure 4c, 
enabling the extraction of frequency features which vary 
with time. This attribute makes the wavelet transform an 
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ideal tool for feature extraction of nonstationary signals. 
[0032] The concept of wavelet neural networks 
(WNNs) for classification combines the aspects of the 
wavelet transform for the purpose of efficient frequency 
feature extraction with the decision capabilities of neural 
network approaches. A WNN can be described as an 
expanded perceptron with so-called wavelet nodes as 
a frequency domain feature extraction processing unit. 
A portion of the wavelet neural network of Figure 3 as- 
sociated with one of the five input signals is shown sche- 
matically in more detail in Figure 5. 
[0033] The portion of the wavelet layer (80) is com- 
posed of wavelet nodes (W) for preprocessing the input 
signal s(t) and extracting features which are passed to 
a multilayer perceptron (MLP) (81) which is forms the 
first processing stage of the neural network (82) of Fig- 
ure 3. The wavelet nodes (W) apply to the input signal 
s(t) shifted and modulated versions of a mother wavelet 
function. The kth wavelet node is described by the shift 
parameter b k and the scale parameter a k , correspond- 
ing to the parameters of the wavelet transform. Formally, 
each wavelet node's output is the inner product of the 
wavelet function h k and the input signal s(t). Assuming 
only real valued wavelets, the output o of the kth wavelet 
node is calculated as follows: 

o k (a,b) = J sCOhJ" trb^l dt 
1 La J 

[0034] The output of the wavelet node can be inter- 
preted as the correlation between the modified wavelet 
h k and the input signal s. The MLP (81) represents the 
classifiaction part, which bases the classification deci- 
sion on the wavlet nodes' outputs. The neurons (L) in 
the perceptron layers are interconnected by directed 
and weighted links. A neuron's output is processed by 
all neurons in the succeeding layer and its inputs are the 
weighted outputs of the neurons in the preceding layer. 
A neuron's output o m is defined by the weighted sum of 
the k outputs o n k of the previous layer n and its activa- 
tion function. In the diagnosis scheme used here, sig- 
moid activation functions are used. An output of a neu- 
ron in the layer m is claculated as follows: 



O m =n +exp f-E Wk.mOn.klT 1 

L I k JJ 

[0035] During the training phase the training patterns 
Sj are repeatedly propagated throughout the network 
and the parameters are adjusted to minimise the least- 
square error E of the distance between the desired out- 



put d and the network output O nct , as follows: 
E = I. £ (dj - Onct) 2 - min 



[0036] The minimisation problem is solved by an iter- 
ative gradient technique, the so-called generalised del- 

10 ta-rule. By backpropagation (BP) of the output error the 
parameters of the neural network are adjusted by cal- 
culating the partial derivatives of the error with respect 
to the parameters of the network, ie. the weights Wy, the 
shifts b k and the scales a k . For a complete derivation of 

1$ the learning algorithm , several approaches have been 
presented in the literature. 

[0037] The use of a wavelet transformation enables 
time frequency representations of input signals to be de- 
rived which enable the extraction of features of the input 

20 signal that vary with time. The signals derived from this 
first stage of processing are then input into the neural 
network (82) which is arranged in a conventional way. 
Again the neural network (82) would be trained for each 
model of hammer on which the wavelet neural network 

25 is deployed and the neural network (82) would be differ- 
ent for different models of hammer. 



Claims 

30 

1. A safety cut-off system for a hand held electrically 
powered tool with a rotating ly driven bit (8) for pre- 
venting accidents caused by the bit becoming 
jammed, said system comprising: 

35 

at least one sensor (56, 58, 60, 62, 64) for de- 
tecting an operating condition of the tool and 
generating a sensor signal representative of 
the operating condition; 

40 a cut-off arrangement (38, 80) for interrupting 

a rotary drive to the bit from a motor (10); 
a processing unit (42) responsive to the sensor 
signal or signals for generating a summed prob- 
ability signal representing a probability of a 

45 blocking event and when the summed proba- 

bility signal exceeds a preset threshold for 
causing activation of the cut-off arrangement; 

characterised in that: 

50 

the processing unit includes a neural network 
(50, 80,81,82). 

2. A system according to claim 1 wherein the cut-off 
55 arrangement is a clutch (38) which interrupts trans- 
mission through a drive gear arrangement (18, 36) 
between the motor (10) and the bit (8). 
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3. A system according to claim 1 or claim 2 wherein 
the cut-off arrangement comprises a motor brake 
(80) for braking the motor (10). 

4. A system according to any one of the preceding 
claims wherein the or one of the sensors is a rotary 
or a linear accelerometer (62, 64). 

5. A system according to any one of the preceding 
claims wherein the or one of the sensors is a rota- 
tion sensor (58) for sensing the rotations per unit 
time of the motor. 

6. A system according to any one of the preceding 
claims wherein the or one of the sensors is a torque 
sensor (60) for sensing the torque between a han- 
dle (4) of the hammer and a main housing (2) of the 
hammer. 

7. A system according to any one of the preceding 
claims wherein the or one of the sensors is a current 
sensor (56) for sensing the current drawn by the 
motor (10). 

8. A system according to any one of the preceding 
claims wherein the processing unit additionally in- 
cludes one or more signal conditioning units (44, 46, 
48) for processing the signal from a corresponding 
sensor (56, 58, 60) to generate a pre-conditioned 
signal and for inputting the pre-conditioned signal 
into the neural network (50). 

9. A system according to any one of the preceding 
claims wherein the threshold is adjustable. 

10. A system according to any one of the preceding 
claims wherein the processing unit includes: 

a neural network (50, 80, 81 , 82) for generating 
a set of probability signals each probability sig- 
nal comprising a function of the or a plurality of 
the sensor signals; 

an adder (52) for adding the set of probability 
signals to generate the summed probability sig- 
nal; and 

a comparator (54) for generating a cut-off signal 
(78) for activating the cut-off arrangement when 
the summed probability signal exceeds the pre- 
set threshold. 

11. A system according to any one of the preceding 
claims wherein the neural network is a fuzzy neural 
network which processes the sensor signals using 
fuzzy logic. 

12. A system according to any one of the preceding 
claims wherein the neural network is a wavelet neu- 
ral network (80, 81 , 82) in which the or at least one 



of the sensor signals undergoes a wavelet transfor- 
mation. 

13. A rotary hammer having a safety cut-off system ac- 
5 cording to any one of the preceding claims. 

14. A method for shutting-off rotary drive to a rotatingly 
driven bit (8) of a hand held electrically powered tool 
in order to prevent accidents caused by the bit be- 

10 coming jammed, said method comprising the steps 
of: 

detecting one or more operating conditions of 
the tool and generating a sensor signal repre- 
ss sentative of the or each operating condition; 

generating in response to the sensor signal or 
signals a summed probability signal represent- 
ing a probability of a blocking event; 
causing generation of a cut-off signal (78) when 
20 the summed probability signal exceeds a pre- 

set threshold; and 

using the cut-off signal to actuate the shutting- 
off of rotary drive to the bit, characterised in 
that 

25 

the step of generating a summed probability signal 
utilises neural network processing steps. 

15. A method according to claim 14 comprising the ad- 
30 ditional step of processing the one or more of the 

sensor signal to generate a pre-conditioned signal 
before the step of generating the summed probabil- 
ity signal. 

35 16. A method according to any one of claims 14 or 15 
wherein the threshold is adjustable. 

17. A method according to any one of claims 14 to 16 
wherein the generation of the summed probability 

40 signal comprises the steps of: 

generating a set of probability signals using 
neural network processing steps each proba- 
bility signal comprising a function of the or a plu- 
45 ratify of the sensor signals; and 

adding the set of probability signals to generate 
the summed probability signal. 

18. A method according to any one of claims 14 to 17 
50 wherein the neural network processing steps proc- 
esses the sensor signals using fuzzy logic. 

19. A method according to any one of claims 14 to 17 
wherein the neural network processing steps in- 

55 elude applying a wavelet transformation to the or at 
least one of the sensor signals. 
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